The Circum-Balkhash-Junggar area, including mostly Kazakhstan, NW China, Russia, Kyrgyzstan, Tajikistan, Uzbekistan, and Mongolia, occupies an important tectonic position of the Central Asian Orogenic Belt (CAOB) (Figure 1 ). Tectonically, this vast area records the complicated geodynamic processes, among which the most prominent stages are the formation of the U-shaped Kazakhstan Orocline and its interactions with adjacent Altai (Altay), Junggar (West Junggar, Junggar Basin, and East Junggar), and Tianshan orogenic collages in the Palaeozoic, bearing large-scale mineral deposits. The formation of the Late Palaeozoic mineral deposits is related to the tectonic evolution of the Devonian and Carboniferous-Permian volcano-magmatic arcs in the region. However, the link between the metallogeny and the evolution of the volcano-magmatic arcs is not well understood and existing geodynamic models have not explained satisfactorily the mechanism of the huge metallogenic belt. Therefore, this special issue focuses on the formation of the Late Palaeozoic porphyry Cu deposits and their link to the tectonic evolution of the Devonian and Carboniferous-Permian volcano-magmatic arcs with emphasis on comparative studies across the international borders.
INTRODUCTION
Tectonics, magmatism, and mineralization of Circum-Balkash-Junggar area in the Central Asian Orogenic Belt
The Circum-Balkash-Junggar area, including mostly Kazakhstan, NW China, Russia, Kyrgyzstan, Tajikistan, Uzbekistan, and Mongolia, occupies an important tectonic position of the Central Asian Orogenic Belt (CAOB) (Figure 1 ). Tectonically, this vast area records the complicated geodynamic processes, among which the most prominent stages are the formation of the U-shaped Kazakhstan Orocline and its interactions with adjacent Altai (Altay), Junggar (West Junggar, Junggar Basin, and East Junggar), and Tianshan orogenic collages in the Palaeozoic (Şengör et al. 1993; Jahn et al. 2004; Van Der Voo et al. 2006; Windley et al. 2007; Xiao et al. 2015) .
As a result of the complicated geodynamic processes, this area bears the core of the BalkashJunggar metallogenic belt of the Central Asian metallogenic domain (CAMD) (Figure 1) .
The Circum-Balkash-Junggar metallogenic belt includes the main porphyry copper mineralization area in Kazakhstan, one of the 10 most important porphyry Cu metallogenic belts in the world, together with some porphyry Cu deposits in NW China. The Kounrad Cu deposit in Kazakhstan in the belt is one of the world's 10 largest porphyry Cu deposits, the formation of which is mainly related to tectono-magmatism in the later stage of the relict ocean basin's consumption and extinction during the Devonian-Carboniferous. Other noteworthy deposits in the region include the superlarge porphyry Aktogay Cu-Mo deposit and the large skarn Sayak Cu-polymetallic deposit. Furthermore, there are also porphyry Borly Cu-Mo deposits and the East Kounrad, Akshatau, and Zhanet quartz vein-greisen WMo deposits in the belt. Eastwards to China, there are the Baogutu deposits in West Junggar and the TuwuYandong deposits in the East Tianshan Mountains (Seltmann and Porter 2005; Chen et al. 2010; Shen et al. 2013a Shen et al. , 2013b .
This main body of the Balkash-Junggar metallogenic belt can be connected with the South Mongolian porphyry Cu(Mo) metallogenic belt, formed by the amalgamation of the southern limb of the TuvaMongol Orocline with the Tarim-Beishan-Alxa-North China collage to the south, in which there are many well-known porphyry deposits, such as the Tsagaan Suvarga and Ouyu Tolgoi in Mongolia. Most of these deposits formed during the Carboniferous-Permian, although some are of Early Palaeozoic age (Seltmann and Porter 2005) .
The formation of the Late Palaeozoic porphyry Cu deposits is related to the tectonic evolution of the Devonian and Carboniferous-Permian volcano-magmatic arcs in the region. However, the link between the metallogeny and the evolution of the volcanomagmatic arcs is not well understood and existing geodynamic models have not explained satisfactorily the mechanism of the huge metallogenic belt. Both the western (Kazakhstan) and eastern (Mongolia) parts of the CAMD contain large-scale mineral deposits, leaving the West Junggar, Junggar, and East Junggar areas of NW China being a relatively lessdeveloped metallogenic belt. It is not clear whether this is due to the different orogenic styles in which the western part of this area experienced a complicated orocline formation, whereas the eastern area was characterized by parallel arc amalgamation with the West Junggar being a unique NE-trending strike, connecting further eastwards to the Southern Mongolian metallogenic belt (Xiao et al. 2010 (Xiao et al. , 2015 . In the meantime, the tectonic evolution is still controversial and several fundamental questions regarding the tectonic evolution of these arcs need to be answered. Furthermore, the situation has been exacerbated by the fact that most studies have been carried out independently in Russia, Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan, Mongolia, and China. Therefore, this special issue focuses on the formation of the Late Palaeozoic porphyry Cu deposits and their link to the tectonic evolution of the Devonian and Carboniferous-Permian volcano-magmatic arcs with emphasis on comparative studies across the international borders.
The Balkash metallogenic belt (BMB) in Kazakhstan is a famous porphyry Cu-Mo metallogenic belt in the CAOB. Liu et al. (2017) demonstrate that the late Palaeozoic granitoids in the BMB are mainly high-K calc-alkaline and I-type granites, with shoshonite that formed during a late stage. Their geochemical analyses and tectonic discrimination reveal a change in the tectonic environment from syn-collision and volcanic arcs during the Carboniferous to post-collision during the Permian. The authors further point out that the continental crustal growth histories are different, with the eastern side being characterized by depleted mantle with late Palaeozoic crustal growth and the western side, the presence of a Neoproterozoic basement and the mixing of crust and mantle during magmatism.
The Dayinsu area is located in the northern part of the West Junggar district near the border between China and Kazakhstan and is an important component of the CAOB, hosting numerous granitoid plutons in the Devonian-Carboniferous volcano-sedimentary strata. Zhang et al. (2017) report the geochemistry of the intrusions, suggesting that they formed in a subduction zone setting, and subsequently underwent fractional crystallization during emplacement, with higher degrees of fractionation in the eastern sector than in the west. Similarities in the geochronology and geochemical characteristics of the granitoid plutons in Dayinsu to those in the Tabei district (west to Dayinsu area) suggest that both districts are part of the Carboniferous Tarbagatay Mountain intrusive event. The early Carboniferous (345-324 Ma) granitoid intrusions in the Tarbagatay Mountain likely formed in an island arc subduction setting during the evolution of the CAOB. The tectonic relationships between the Zharma-Saur arc and the Boshchekol-Chingiz arc have long been controversial. The Tarbagatay Complex, located in NW Junggar, is situated tectonically between the ZharmaSaur arc to the north and the Tacheng terrane and the Boshchekol-Chingiz arc to the south. Chen et al. (2017) report that this complex belt is variably composed of ophiolitic mélange, sedimentary mélange, and coherent units of turbidites and shallow water sediments. These rocks crop out in fault-bound slices with fault-parallel asymmetric folds. Both the lithologies and deformation features of the Tarbagatay Complex, together with zircon ages, suggest an accretionary origin generally with a top-to-the-south tectonic vergence, suggesting a N-dipping subduction beneath the Zharma-Saur arc, likely started in the Late Devonian and lasted until the middle Permian. Li et al. (2017a) report the geochemical and isotopic analyses of late Carboniferous volcanic rocks in the Hala'alate and Aladeyikesai formations, which are composed of basaltic andesite and pyroxene andesite and widespread in Hala'alate Mountain, West Junggar, NW China. The authors found that the Hala'alate Formation volcanic rocks are similar to the sanukitoids of Karamay, formed by partial melting of the mantle metasomatized by slab-derived adakitic melts. In contrast, the Aladeyikesai Formation volcanic rocks show some affinity with sanukitoids of the Hatu area and the Setouchi Volcanic Belt, generated by the partial melting of subducting sediments. Identification of late Carboniferous sanukitoids in Hala'alate Mountain provides important constraints on the closing time of the remnant ocean basin in West Junggar, and implies that multistage subduction-accretionary orogeny plays a crucial role in the evolution and growth of the continental crust in the CAOB.
The West Junggar Metallogenic Belt (WJMB) is located between the Tianshan fault system and the Ertix fault system in the western part of the CAMD with widespread late Palaeozoic granitic plutons, strike-slip faults, and porphyry copper and orogenic gold deposits. Li et al. (2017b) Ar thermochronological study and reconstructed the entire thermal history of the WJMB, which includes late Palaeozoic intrusive magmatism, porphyry Cu and W-Mo mineralization, and late Mesozoic tectonic uplift and exhumation of the WJMB. The authors further point out a regional medium-temperature cooling history in the WJMB during the late Carboniferous to middle Permian.
The Kuoerzhenkuola epithermal Au deposit is located in the northern part of the West Junggar region of NW China and is underlain by a recently discovered porphyritic monzonite intrusion that contains Cu-Au mineralization. Yuan et al. (2017) report zircon LA-ICP-MS U-Pb dating of this intrusion yielded an age of 350 ± 4.7 Ma. Their composition and geochemistry indicate that this intrusion is compositionally similar to adakites, derived from magmas generated by the melting of young subducted slab material. The juxtaposition of adakitic rocks, Nb-enriched basalts, and dolerites in this region suggests that the oceanic crust of the expansive oceans within the West Junggar underwent early Carboniferous subduction. The facts that magnetite is widespread throughout the Kuoerzhenkuola Au deposit and that the zoned potassic, quartz-sericite alteration, and propylitic and kaolin alterations occurred in the deeper parts of the porphyritic monzonite are similar to those found in porphyry Cu-Au deposits suggest that a porphyry Cu-Au deposit is probably located beneath the Kuoerzhenkuola Au deposit. Li et al. (2017c) report that the secondary ion mass spectrometry (SIMS) zircon U-Pb ages of the quartz diorite porphyry and the tonalite porphyry of the Shiwu porphyry Cu-Au deposit, located in the east of the Barluk Mountains of West Junggar, are 310.4 ± 2.3 Ma and 310.1 ± 2.4 Ma, respectively. Their geochemical and isotopic characters indicate that the igneous rocks in the Shiwu area derived dominantly from the mantle and formed in an island arc setting. These characters also further confirmed that the Barluk Mountain is still in an island arc setting in the Late Carboniferous and the accretionary orogenesis can exist until 310 Ma at least. Cao et al. (2017) identified four metallogenic stages for the Suyunhe porphyry Mo deposit of West Junggar, the largest molybdenum deposit found in Xinjiang to date, associated with Early Permian granitic rocks, which emplaced into the volcano-sedimentary sequences of the Middle Devonian Barluk Formation. The δ18O‰ values indicate that the ore fluids of stages I and II are dominated by magmatic water, whereas stages III and IV are dominated by meteoric water. A wide range of δ34S‰ values (−7.1 to 3.4‰) of sulphides between stages I and II indicates that increasing the reducibility plays an important role in molybdenum mineralization. The δ13CCH4 values suggest that CH4 of the ore fluids mainly results from the assimilationcontamination of carbonaceous country rocks, and partly derives from magma. However, the δ13CCO2 values suggest that CO 2 of the ore fluids mainly originates from magma, and minor derives from wall-rocks as well as meteoric water.
The Nuoerte Basin in northern Altai (Altay) contains numerous mineral discoveries, in which the Xiaotuergen porphyry Cu deposit is mainly hosted along the contact zone between the granodiorite porphyry and the Nuoerte Formation volcanic-sedimentary rocks. Geng et al. (2017) conducted LA-ICP-MS zircon dating and found that the tuff at the periphery of the ore district has been newly dated to be ca. 411 Ma, suggesting that the local stratigraphy is the Lower Devonian Nuoerte Formation. The ore-hosting granodiorite porphyry, quartz porphyry, biotite monzogranite, and granite porphyry are dated to be ca. 405 Ma, 400 Ma, 398 Ma, and 397 Ma, respectively, which suggests the Cu mineralization to be slightly younger than 405 Ma. Magmatism at Xiaotuergen had recommenced in the Late Devonian, as represented by the minor granite porphyry dikes (ca. 370 Ma) intruding the orehosting granodiorite porphyry.
The structural evolution and late Carboniferous magmatism of the Zhongguai arc in the western Junggar Basin offer some new constraints on the tectonic evolution of the Junggar Ocean. Li et al. (2017d) conducted structural analysis of the seismic profiles and report new geochronological and geochemical data for the late Carboniferous borehole volcanics (basalts, andesites, dacites, and rhyolites) in the Zhongguai arc. They conclude that the southern West Junggar terrane and Zhongguai arc might have been amalgamated as a unified overriding plate above a northwestward ridge subduction zone of the Junggar Ocean at 309-302 Ma. The occurrences of middle Permian terrestrial sediments and thrusting reactivation in the Zhongguai arc are possibly indicative of the final welding of the Zhongguai arc and other units of the Junggar basement.
Systematic geochemical and geochronological studies of Luo et al. (2017) show that three stages of magmatism were recorded in Palaeozoic volcanic rocks in the eastern Junggar region, including ca. 407 Ma and ca. 340 Ma medium-to-high-K calc-alkaline series and ca. 320 Ma alkaline and tholeiite series. The chemical compositions of these volcanic rocks indicate that the ca. 407 Ma magmatism was subduction related, whereas the ca. 340 Ma and ca. 320 Ma volcanic rocks were the product of post-collisional magmatism. This transition from ca. 407 Ma to ca. 320 Ma is interpreted to record slab subduction, slab break-off, and slab rollback and provides a plausible explanation for the complex spatial and temporal geochemical evolution of magmatism in eastern Junggar since the Devonian. Mao et al. (2017) obtained the SIMS zircon U-Pb age of 326.2 ± 1.1 Ma for the Xinyuan mafic-ultramafic intrusion of Eastern Junggar. Positive zircon ɛHf(t) values (+12.4 to +15.7) and mantle-like δ 18 O values (5.0-5.5‰) suggest that the parental magma was derived from a depleted mantle source with a low degree of crustal contamination. Significant negative Nb-Ta anomaly and large ion lithophile element (LILE) enrichment of the Xinyuan intrusion are identical to those of the coeval basalt-andesite rocks in the study area. Temporal, spatial, and geochemical evidence suggest that the Xinyuan intrusion and the coeval basaltandesite rocks are associated with the northward subduction of the Kelameili Ocean. Fractional crystallization modelling indicates that the parental magma of the Xinyuan intrusion has experienced significant fractional crystallization at depth. Extensive fractional crystallization and the low degree of crustal contamination in the parental magma of Xinyuan intrusion are suggestive of a low-magmatic Ni-Cu mineralization potential. Extensive Permian mafic-ultramafic intrusions crop out within the eastern Tianshan, the southern part of CAOB. Most of these mafic-ultramafic complexes are associated with Cu-Ni-Co deposits. However, Cihai, located in the southern part of the eastern Tianshan, is a large Fe deposit hosted in the Early Permian mafic rocks. Zheng et al. (2017) present geological and geochemical characteristics of the Cihai deposit and propose that their parental magmas might have been generated by interaction between the depleted asthenospheric mantle and the metasomatized lithospheric mantle. Geological and geochemical features suggest that the main ore bodies in the Cihai iron deposit are of hydrothermal origin, rather than magmatic as previously suggested. The fact that the mafic rocks in the eastern Tianshan show island arc basalt (IAB) affinity and the presence of skarn iron deposit instead of FeTi oxide deposit in the eastern Tianshan during the Early Permian time, together with a lack of verified anomalous high-temperature magmas in the eastern Tianshan, all suggest that the Permian Tarim mantle plume may not account for the formation of the mafic rocks in the eastern Tianshan area, and that the Tarim LIP does not extend to the eastern Tianshan area. Yin et al. (2017) report zircon U-Pb ages, and geochemical, Sr-Nd, and zircon Hf isotopic compositions for A-type granites and dikes in the Alataw Mountains of the northwestern Tianshan Orogenic Belt. The laser ablation inductively coupled plasma mass spectrometry zircon U-Pb dating of A-type granites yielded a concordant weighted mean 206 Pb/ 238 U age of 297.4 ± 1.5 and 300.6 ± 0.9 Ma, respectively. Geochemical features and isotope compositions of the granitic intrusions and dikes are consistent with those of the Carboniferous volcanic rocks in the Alataw Mountains, especially Carboniferous adakites (εNd(t) = + 3.6 to +6.6), suggesting that they were likely generated by the partial melting of less-evolved crustal materials, such as oceanic crust stored in the middle and/or lower crust or Carboniferous volcanic arc crust. The widespread late Carboniferous-early Permian magmatism might have been related to a ridge subduction accompanied by slab rollback of the subducting plate of the North Tianshan Ocean. Wang et al. (2017) present field-based mapping, petrography, and zircon U-Pb dates, as well as whole-rock geochemical data for late Carboniferous volcanic and volcaniclastic successions of the Arbasay Formation along the northern margin of the North Tianshan. UPb isotopic dating reveals that the volcanic rocks in the Arbasay Formation formed at 308-305 Ma, rather than early Permian as previously proposed. Geochemically, the volcanic rocks mainly belong to the calc-alkaline series and have arc-like geochemical compositions. Their geochemical characteristics and the regional geological framework suggest that the late Carboniferous volcanic rocks originated from the arc-related setting, not the intracontinental rift-related setting. They are possibly the major constituents of a continental arc that is formed with the southward subduction of the North Tianshan Oceanic lithosphere.
The Tawuerbieke deposit is one of the important mining gold deposits in the Tulasu basin, which is known as an epithermal gold ore cluster in the Boluokenu Polymetallic Belt, western Tianshan, China. Peng et al. (2017) obtained LA-ICP-MS U-Pb zircon ages of 367.1 ± 3.2 Ma from a hosting andesite and 315.2 ± 3.5 Ma from a diorite aplite dike crosscutting orebody of the Tawuerbieke deposit, respectively. Geochemical characteristics of the Late Devonian volcanic rocks are similar to those of arc-type magma, which could be formed in a continental arc due to the North Tianshan oceanic plate southward subduction under the YiliCentral Tianshan plate. Isotopic geochemistry data of S, Pb, C, and O suggest that the ore-forming materials were mainly derived from the host volcanic-subvolcanic rocks. The authors further propose that porphyry-type Cu-Au mineralization should have a high potential at the deep sites of the Tawuerbieke district. Sang et al. (2017) present an example of oblique wedge extrusion of ultra-high-pressure (UHP)/Highpressure (HP) rocks in the Atbashi accretionary complex of the Kyrgyz South Tianshan. Their field mapping and structural analysis demonstrate that the Atbashi EclogiteBlueschist Complex is situated in a complicated duplex formed by a northerly dextral transpression system and a southerly sinistral transtension system. The two major shear systems suggest that the Atbashi Complex was extruded obliquely southwestwards during the eastward penetration of the southern tip of the Yili-Central Tianshan Arc of the Kazakhstan Orocline. New zircon UPb metamorphic ages of four eclogites and one garnet-bearing quartz-schist from the Atbashi complex of 217-221 Ma and 223.9 Ma, respectively, suggest that the main extrusion was later than previously proposed and that the final orogenesis was not completed until the Late Triassic. This work shows that the movement of HP/ UHP rocks had a 3D style with an arc-parallel structure, and also helps resolve the long-standing controversy about the time of terminal orogeny of the CAOB.
